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Experimental probe into methods of changing gene structure
and function was first done with X-rays (Muller, 1927 Stadler,
1928). However, this is quite a coarse instrument, whether its
effect is direct or indirect is difficult to be distinguished.
A more precise characterization of the changes in mutation would
seem to be from chemical rnutagenesi s. Around 1940, the mutagenic
action of chemicals was first noticed and the findings appeared
in scientific literature by' the end of World star II (see Sobel s,
1977). Nitrous acid was found by Thom and Steinberg (1939) to be
effective in causing mutations in Asperg*illus. Nitrogen and
sulfur mustards were used by Auerbach and Robson (1946) to induce
mutations in Drosophila. Later, formaldehyde, diethylsulfate,
diazomethane and other compounds were also found to be mutagenic.
Mutagenic activity cannot be predicted on the basis of
chemical structure alone. Some compounds may induce mutation
in certain organisms but not in others, while some are even
restricted in action to a specific developmental stage or a
specific sex. In fact different chemical mutagens may require
2different sets of conditionsto which certain genes may respond ,
each in their unique way . B ut so far no chemicalmutagenhas
been found to be specific for only one particulargene .
A mong the chemicalmutagens, ethyl methanesulfonate( EMS ,
CH 3 - CH 2 - 0 - S 0 9 - CII 3 ) is describedas a monofunctionalalkylati g
mut . igen . I t usuallydoes not revert the mutantsit induced
( except via suppressormechanism) and is differentfrom the bi -
functional ones in which the mutants induced by them are generally
inducedto revertby them also . L awley( 1 9 7 4 ) groupedthe mono-
functionalalkylatingagents into 2 classes : -
1 . SN 1 - type - - - - T his type of agentsis distinguishedby
their ability to alkylate low nucleophilic
sites such as the 0 - atomsin DNA or RNA ,
producing the potentially miscoding
products: 0 6 - alkylguanineand 0 4 - alkyl -
thymine . T hey exhibit the replication-
dependent mutagenesis and phosphotriester
formation resulting in the loss of negative
chargesin DNA . E xamplesare i PMS ( iso -
propyl methanesulfonate) , MNUA ( N - methyl-
N - nitrosourea) and MNNG( N - methyl- N ' -
3nitro-N-nitro soguani(line).
2_ S/n 2- tvn e----- Reagents of this type attack primarily
at sites of high nucleophilicity such
as ring N-atoms in DNA e. g. N-7 of
guanine. The attack on N-1 of adenine
and N-3 of cytosine or thymine is less
frequent. The results lead to inactiva-
tion of the DNA template. Examples are
MMS (methyl methane sulfonate) and DMS
(dimethyl sulfate).
EMS is an agent intermediate between Y and S,,2. Its
mutation mechanism is mainly due to transition errors, depurin-
ation and interstrand linkages:-
1. Transition errors: FMS makes an ethyl group added
to Mianine, producing the 7-etlhylguanine vhich readily
ionizes and undergoes a tautomeric shift in Which
the amino group (-NH 2) is changed to imino (-NH-)
group. As a result, it behaves as a base analogue
of adenine and pairs with thymine (Fig. 1). Pairing
error is thus made and mutation results. This kind
of transition, G-'-A, is produced at about 79-92%.
4Adenine may also be alkylated but less frequently,
about 8-19% at the 3 position and 2-3% at the 1
position. Alkylation of cytosine and thymine is
quite rare.
guanine 7-ethylguanine 7-ethylguanine thymine
Fig. 1. EMS makes an ethyl group added to guanine which becomes
the 7-ethylguanine and behaves as adenine - to Pair
with thymine
EMS may also produce 0°-ethylguanine which resembles
the enol form of guanine and might pair with thym ine.
The phosphates may also react, but the reaction is
unlikely to be of importance in the strong mutational
processes since it should be almost completely non-
specific.
The alkylated bases block hydrogen bonding more
5or less completely, but still allow the insertion or a
pyrimidine opposite an alkylated purine (or a purine
opposite an alkylated pyrimidine) with an increased pro-
bability of an erroneous insertion.
2. Depurination: The alkyl ated purine (guainine ..or adenine)
is lost producing a gap in the sequence of DNA bases,
and could result, during DNA replication, in the somewhat
indiscriminate insertion of a base in the complementary
strand. If the base is a pyrimidine then a transversion
(from purine pyrimidine) results. But it is also very
likely that numerous other (as yet uncharacterized) reactions
may occor as a result of the intervention of the DNA repair
processes.
The gap in the DNA sequence may interfere with DNA
replication by causing inactivation of DNA template, or
cause a shortened nucleotide sequence.
The depurinations are further expected to potentiate
hydrolytic fission of the DNA and thus to be a source of
strand breakage. The whole process is an enzymatically
mediated one and, in rat liver, the enzyme may be endonu-
clease II (O'Connor, 1973). Since EMS is not very efficient
in inducing chromosome breakage, this strand breakage
6process does not occur very often. It occurs only
when alkylation takes place at the, breakage-related
sites (which are sites different from those involve
in the production of recessive lethal mutations).
3. Interstrand cross-linkages of the same or different DNA
molecules: This would cause the loss or excision of
nucleotides or the inactivation of the DNA template.
EMS has been used to induce mutations in many
organisms and different results have been reported in
different organisms under different treatment conditions.
Some of the results are summarized as follows:
1. Induction of true point mutation: In barley,
the chlorophyll mutation induced by EMS was suggested
to be due to true point mutation (MMtikaelsen, Brunner
and Li, 1971). In maize, EMS was found to be efficient
in inducing somatic mutations at the yg2 locus (Conger
and Carabia, 1977).
2. Intracistronic changes: Washington (1969)
suggested that all EMS-induced chlorophyll mutations
in hexaploid wheat were due to intracistronic changes.
Similarly the waxy mutations in maize and the absence
of fertile pollen were due to the same change (Amano,
71968).
3. Action on controlling elements: EMS was found
by Axtell and Brink (1967) to be able to lift partially
and heritably the repression of aleurone color in a
strongly repressed R allele of maize. The cause of
change could be located in the repression itself.
Since EMS is not thought to produce many deletions
and since only treatment of seeds, not pollens, was
effective, it is assumed that EMS interfered with
the template activity as other alkylating agents
have been shown to do in vitro.
4. Production of deletions or chromosome
deficiencies: EMS has been found to induce sterility
in barley (Sato and Gaul, 1967), in Arabidopsis (Jacobs,
1968) and in the progeny of treated Oenothera germ
cells (Kressel, 1967). These had been attributed
to the production of deletions. In rape, a series of
flower colors and chlorophyll deviates were induced.
Fowler and Stefansson (1975) suggested that EMS induced
varying degrees of suppression or elimination of factors
(obviously by different degrees of chromosome deficiencies)
necessary for full expression of the characters in
8question.
5. Mitotic and meiotic abnormalities: Yost et al.
(1967) observed translocations in the progenies of
Drosophila by feeding the males with EMS. Sharma and
Grover (1970) found that the frequency of Y ray induced
translocations in Drosophila was doubled by post-
treatment with EMS, although EMS itself produced no
translocations. Here it was suggested that EMS induced
single breaks in chromosomes which were lost as dominant
lethals but the supernumerary ii ray breaks formed
additional translocations with them. Sato and Gaul
(1967) observed meiotic abnormalities such as lumped
chromosomes, nucleusless tetrad, dissynchronization
in EMS-treated barley. Mikaelsen, Brunner and Li
(1971) observed mitotic abnormalities of acentric
fragments and dicentric bridges in EMS-treated barley.
Pantulu and Manga (1971) observed fusion of pollen
mother cells (multiploid sporocytes) in treated pearl
millet.
It has been found that mutagenic action of EMS
can be greatly improved by storage of treated seeds,
9treatment under reduced pressure , or used in conjuction
with other agents: -
1 . S torage of treatedseeds : I n barley , striking
increases in the frequenciesof chromosomebreaks and
chlorophyllmutations were observed when EMS - treated ,
washedand partiallydried ( 1 5 - 2 0 % seed water content)
seeds were kept for several days before germination
( V eleminskyet al . , 1 9 7 3 ) . T his enhancingeffectof the
mutagen has been attributed to remaining traces of the
mutagenor its derivativesin seeds . I t is assumedthat
the genetic material was sensitizedby the prior treat -
ment , and these remaining traces exercise their mutagenic
effect .
2 . T reatmentu derreducedpressure: S arma ( 1 9 7 1 )
observed that by treating the barley seeds with EMS
under reduced pressure , the mutagenic effect was greatly
enhanced.
3 . I n conjunctionwith other agents :
( 1 ) I n D rosophilathe frequencyof translocations
increasedafter the Y - treated males received
EMS- treatment( S harmaand G rover, 1 9 7 0 ) ,
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( 2 ) I n the plant N igella damascena, the normally
very low frequencyof EMS - induced chromosome
aberrationswa increasedby 7 - 1 0 fold in
the presenceof C u + + andZ n + + ( G ilot , 1 9 6 7 ) .
( 3 ) P ost - treatmentwith G ibberellica id reduced
the chromosomeab rrationsof the . EMS - treated
pea , as observedby N arsinghanid K umar
( 1 9 7 1 ) . H owever, M inochaandS aini( 1 9 7 0 )
observed that the mutation frequencies induced
by this mutagen plus G ibberellic acid treatment
were slightly higher in barley .
( 4 ) T reatmentof A rabidopsiswith EMS solutionplus
DMSO ( dimethyl sulfoxide) was said to enhance
mutagenicity. T he DMSO was said to be a carrier
agent( B hatia, 1 9 6 7 ) . H owever, S arma( 1 9 7 1 )
repeated this experimentwith barley seeds ,
and reported that no enhancementwas observed .
S ince rice is one of the main crops in the world and is the
staple food for about half of mankind, lots of work have been done
to improvethis crop by variousmeans . S ome workersemployed' - - rays ,
thermalneutronsand fast neutrons( G anashan, 1 9 7 0 ) and obtainedrice
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mutants of desirable plant type such as erect growth habit,
reduced pubescence, short internodes, profuse tillering and
rapid growth compared with the parental lines. Others employed
x-rays in addition to rays and neutrons (Ilu, Wu and Li, 1970)
and produced a number of promising lines. Some rice breeders
employed radiation in combination with chemical mutagens to
induce rice mutation. Thus, Swaminathan et al.. (1970) employed
x-ray together with mitomycin. Ando (1968) employed Y-rays
together with cysteine, ethylene oxide, ethylene imine, EMS
or diethy sulfate. His results were promising and additional
variability and synergistic effects were obtained.
Induced mutations play a significant role in rice breeding.
In fact the InternaLi.ioil al Atomic Energy Agency has a co-ordinated
programme of research on the use of induced mutations in rice
breeding, regular meetings of which are being held, and many
countries are participating, in this project.
As for EMS, it has been reported to be the most potent one
among the chemical mutagens so far used (Kawai and Sato, 1965).
Rao (1977) reported that it is even more efficient and effective
than Y-ays in inducing mutations in rice.
Among the EMS-induced mutations, chlorophyll mutations are
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the most common. T he spectra include albina , viridis and
xantha. S harmaet al . ( 1 9 7 4 ) obtainedmutationsin the genes
controllingheading dates , so that early and late maturing
mutants were obtained . O ther viable mutations( macromutations)
include dwarfness, grass clump , semi - sterility and abnormal
spikelets( A ugustineP alanichamyand S iddiq , 1 9 7 5 ) . T he
mutant characters include shorter and stronger culms ,
resistanceto lodging , increased yield , larger and slender
grain and bettermillingquality( M arie , 1 9 7 0 ) .
T he rice variety IR 8 was developedat the I nternational
R ice R esearch I nstitute in P hilippinesfrom a cross between
P eta , a tall P hilippinevariety originatingi I ndonesia,
and a shortvariety, U ee - , eo - woo - gen ( 低 腳 烏 尖 ) fromT aiwan.
T his variety is insensitiveto photoperiod. I t also shows a
wide range of adaptabilityo the tropical conditions. I ts
yield is high and in fact , it has been I 1 c 1 med as ' miracle
rice ' and is cultivatedwi ely: in S outh E ast A sia .
T he present study employs EMS as the mutagen and attempts
to look for its cytogeneticeffects ( meiotic anomalies) on
the rice variety IR 8 . T hough many works have been done
relating EMS on rice , they were mostly for breeding programmes.
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EMS - induced meiotic abnormalitieshave been reported in barley
( S ato andG aul , 1 9 6 7 ) , pea ( N arsinghaniandK umar, 1 9 7 1 ) , and
pearl millet( P antuluand M anga , 1 9 7 1 ) but not very muchin
rice .
I n order to effect ' the penetrationof the mutageninto the
rice grains , several attemptshave been made in this study .
T hese include dehuskingthe grains , making a scratch on the
grains , treatment under reduced pressure , storage of the treated




G rains of O r za sativaL . , suhsp. indica. varietyIR 8 were
obtainedmainly from T ai L oong G overnmentF arm of H ong K ong and
partly from the I nternationalR ice R esearchI nstitute in P hili -
ppines . A fter checking, it was found that the rice grains from
these two sourceswere the same . A queousolutions( p H 2 . 7 - 3 )
of ethyl methane sulfonate ( EMS ) were made with double distilled
water. S olutionsof p H s 5 , 7 , and 9 were bufferedwith 0 . 2 M pho -
sphatebuffer . S olutionsof p H s 1 1 and 1 2 were bufferedwith
T rizma, - . salt buffer( S igma C hemicalC ompany) . F or each pli , concen-
trationsf 0 . 1 5 % , 0 . 3 % t 0 . 6 % , 0 . 9 % and1 . 2 % weremade. T he control
were treated with distilled water or buffer only .
T wo hundred to three hundred rice grains were pre - soaked
in distilledwater for twenty- four hours at 2 5 ± 1 ° C to ensure
that all were in similar metabolicstate then 2 0 0 grains which
showedsign of germination( i . e . , swellingout husk ) were
selected and wipeddrywith filter papers . E ach hundred - grain
portion was treated with 2 0 ml of freshly prepared EMS solution
in a 2 5 ml - bottle which was connectedto a vacuumpump ( S arma ,
1 9 7 1 ) for 1 0 - 1 5 minutes. S ubjectinghe grainsto low
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pressure ensured all the minute air bubbles in the husk creviccs
to be driven away and to accelerate the penetration of the
mutagen.
The mutagen-grain mixture was put back to a petri dish
in a basin covered with black paper because light had. been found
to affect the mutagenicity of this chemical (Khalathar et
al., 1974). Intermittent shaking was made for 8 hours and
then the solution was changed with fresh one. The same
procedure was repeated until a treatment time of 24 hours
was made.
The grains were then washed in running Lap water for
2 hours and post-soaked in distilled water for another 2 hours
with intermittent shaking and changing of fresh water. They
were air dried and allowed to store for 7 days at room temper-
ature( storage effect 1',iika,el son, Brunner and Li, 19171).
The control received the same treatment but no EMS.
The treated grains after storage were soaked in distilled
water again and washed in fungicide. They were allowed to
germinate in petri dishes in controlled hydration (Ganashan,
1970). The grains were kept for germination for as long as
12/1 months. After that the ungerminated ones were counted and
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discarded.
F our seedlings, each 5 - 1 0 cm long , were randomlychosen
and transplantedto a rectangularbasin with a space about 1 0 -
1 5 cm betweenthem . T he control plant was planted at the center
and the treated ones at the four corners . M orphologicalabnor -
malities of the M 1 plants were examinedfrom time to time .
M 2 grains were harvestedfrom panicles of tillers W hich were
bagged to prevent cross pollinations. F or each concentration
a total of 3 0 plants were randomlyselected.
T he immature panicles were collected at appropriate
stage and fixed in acetic alcohol( 1 : 3 ) to which a little
ferric chloride was added . C ollection and fixation of panicles
weredonebetween1 0 . 3 0 A . M . and 1 . 0 0 P . M . T he paniclesw re
left in the fixative at room temperatureuntil examination
and no deteriorationwas resulted for as long as 2 months or
more ( IC han , 1 9 7 5 ) . B y employingacetocarminesquashtechnique
mei . otic anomalieswere examined in the pollen mother cells
( PMCs )
T he experimentwas independentlyrepeated thrice at dif -
ferent times under similar environmentalconditions .
T he results obtained include meiotic abnormalitiesand
morphologicalabnormalities in M 1 population and chlorophyll
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deficiencyand resistanceto low temperaturein M 2 . O f these
the percentageof abnormal PMC is suspectedto be related to
the percentageof abnormal spikelets . A coefficient of
correlation between these quantities was calculated making
use of the followingformula .
where X and Y are the two pairs of quantitiesuspectedto be
related.
N is no . of pairs of such quantities
is the summationi . e . the sum of all the N quantities
I f r is not zero or not approachingzero there is a
relationshipbetween the two .
I f r is a positivequantity, the two quantitiesare
positively correlated .
I f r is a negativequant ' i ty , the two quantitiesare
negatively correlated .
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The significance of r can be burther estimated by the
distribution quantity, Student's t :
where r is the absolute value of the correlation coefficient.
N is the number of paired observations that were made.
Distribution of values ("Student's" disiribution).
Probabllilos
I f t is larger than the value given in the table of
D istributionof t values( " S tudent ' s " distribution) at the
5 percentlevel of significancefor ( N - 2 ) degree of
freedom , r can be consideredto be significantlydifferent
from zero . T hen there is a correlationbetweenX and Y .
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RESULTS
T . M 1 GENERATION
l . M eiotic abnormalities:
T he meioticstages of M 1 plants were analysed.
T wenty spikes from each concentration each p H were
randomly sampled from the three independentM 1
populations. A bout 5 0 - 6 0 spikeletswere randomly
examinedand over a thousandPMC s were observedfor
each . A lthough the EMS treatmentwas applied to
the germinatinggrains , this chemical did affect meiosis
to a certainextent . R esults of the numbersof PMC s
examined , total number and percentagesof abnormal PMC s
observed together with the different types of abnormalities
are - recordedin T able 1 against their respective
concentrationsnd p H groups .
R esults of the percentagesof meiotic abnormalities
induced by different concentrationsof EMS at different
p H s are graphedin F ig . 2 .
B efore analyzing the overall results , brief
descriptionsof the different types of abnormal PMC s
香 港 中 文 大 學 圖 書 館 藏 書
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observedin the M 1 plants may he useful .
( 1 ) M utiploidsporocytes
M ultiploid sporocyteswere larger than the
normalone ( F ig . 5 ) . M ore frequently2 diploidsets
of chromosomeswith 2 sets of nucleoli were present
( F igs . 5 - 7 ) in sucha sporocyte( tetraploid) . S ome -
times 3 diploid sets of chromosomesand 3 sets of
nucleoliwere present( F ig . 8 ) in a sporocyte
( hexaploid) .
I n the multiploidsporocyte, the chromosomes
of one diploid set might lie separatelyfrom the other
and closeto their nucleoli( F ig . 6 ) . V ery often ,
however , they were mixed , especiallyat later stages
( F ig. 7 ) .
T he number of multiploidsporocyteswas
greater in the plants treated with acidic and neutral
EMS ( T ablel ) . S uch sporocytesbecameless in
numberas the p H of the EMS solutionsincreased.
I n . the alkalinep H ll , very few such sporocyteswere
detected. F or thepll 2 . 7 - 3 ( not buffered) groupand
p H 7 group , a steady increasein the frequencyof
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occurrence of abnormal sporocytes was found to
accompany the. increases in the concentrations
of FMS. H owever for the p H 5 group, the steady
increase was interrupted at the concentration of
1. 2% which showed a sudden drop in its occurrence.
The exceptionally higher numbers of multiploid
sporocytes at the concentration of 0. 6% at p H 7, 0. 1 5%
at p H 9 and 0. 9% at p H ll( as indicated by asterisks
in Table 1) were due to the fact that such plants
were grown from the delay- germinated rice grains that
showed great response to EMS and as a result more
abnormal PMC s were produced.
( 2) V acuolar nucleoli
The consistency of the nucleolus was found
to be disturbed by EMS in some sporocytes, usually
in the form of vacuolation. The vacuoles observed
were found to vary in size as well as in number.
in such nucleolus. Vacuolar nucleoli were mainly
found in PMC s at pachytene( Figs. 9& 1 0) and
occasionally at diakinesis( Fig. 1 1).
The vacuolar nucleoli were nearly restricted
to the plants treated with acidic and neutral EMS
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solutions. T he highestnumbersoccurredat the p H 2 . 7 - 3
( not buffered) group . T here seemedto have not much
correlation between the concentrationof EMS and the
number of sporocytes with vacuolated nucleoli .
( 3 ) N ucleolar chromosomedetaclinent
A normal PMC would have 2 pairs of nucleolar
chromosomes( 2 bivalents ) attaching to the nucleolus at
diakinesis( F ig . 1 2 ) . A numberof EMS - affectedPMC s had
their nucleolarchromosomesdetached. ( F igs . 1 3 & 4 ) .
S uch PMC s were largely restrictedto the plants treated
with acidic and neutral EMS solutions. T he results
obtained seemed to indicate that there was no close
relationship between the concentration of the mutagen
and the numberof such abnormalPMC s .
( 4 ) F ailure of chromosomepairing or movement
I n the EMS - treatedrice plants, some PMC s had
one or two pairs of chromosomesfail d to pair at
metaphaseI . A s a result , two or more univalents
were observedin thesesporocytes( F igs . 1 5 - 1 8 ) .
S uch univalentsoften failed to move to the equator .
I n some cases , even one or more bivalentsdid not
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orientate properly in the equatorial plate .
S uch " going astray " chromosomeswould fail
to move to either pole at anaphaseand would be lost
at later stage ( F ig . 1 9 ) . T his happenedi the plants
at all concentrationsand puss . T he number of such
PMC s increasedsteadily with the increase of the
concentrationsof EMS at alkalinep H s . T he highest
numberof such abnormalityoccurredat 1 . 2 % at p H ll .
F or the plants treated with acidic and neutral EMS
solutions, the numbersof such PMC s seemed to be quite
random.
T hose plants grown from delay - germinatedrice
grains did not have exceptionalnumbers of PMC s with
such " going astray " chromosomes.
( 5 ) D issynchronizationof meiotic division
N ormallyPMC s in an anther are more or less
synchronizedat a certain stage of meiotic division .
H owever, in the EMS - treatedplants , the numberof
dissynchronizedPMC s within one anther locule was
much greater than the control as shown in T able I .
T hese dissynchronizedPMC s referred to in the T able
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were those which showedan " out of phase " stage or
a muchdelayin meioticdivision( F igs . 2 0 - 2 2 ) .
A s indicatedin the T able I , there was a steady
increase in the number of dissynchronizedPMC s with
the increase of concentrationsof EMS at all plls .
B ut at acidic and neutral pals , the numberwas greater .
A s for the alkalinepiss , only the plants grown from
delay - germinated grains produced greater numbers of
such dissynchronizedPMC s .
( 6 ) A bnormal secondaryassociation
S econdary association refers to the phenomenon
that some of the bivalents or chromosomes, which are not
homologous, pair or associate secondarilyinto groups in
some organisms. I t is easily detectableat prometaphase
and metaphase . T he common occurrenceof secondary association
in rice has been reportedo be 2 ( 2 ) + 8 ( 1 ) ( 2 groupseach
of which 2 bivalents associatedtogether and 8 single
bivalents) and 1 ( 3 ) + 2 ( 2 ) + 5 ( 1 ) ( 3 bivalentsassociated
into l . group , 2 groups each of which 2 bivalentsassociated
together, and 5 single bivalents) ( K udo and K atayama,
1 9 6 5 ; H u , 1 9 6 2 ) . T he greatestsecondaryassociationin
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this planthas beenreportedto be 2 ( 3 ) + 3 ( 2 ) ( H u , 1 9 6 3 )
i . e . associatedinto 5 groups. I n the EMS - treatedplants,
some PMC s had bivalents or chromosomesore closely
associatedthanusua1 , with1 ( 4 ) + 1 ( 3 ) + 1 ( 5 ) ( F ig . 2 3 )
and1 ( 3 ) + 1 ( 5 ) + 1 ( 4 ) associations( F igs . 2 4 & 2 5 )
occurredmorefrequently, and 1 ( 2 ) + 1 ( 3 ) + 1 ( 4 ) + 1 ( 3 )
( F ig . 2 6 ) and1 ( 2 ) + 1 ( 4 ) + 1 ( 3 ) + 1 ( 3 ) ( F ig . 2 7 ) less
frequently.
G reater numbers of abnormal secondary association
occurred in plants treated with acidic EMS solutions .
T he plants grown from the grains treated with neutral
EMS and showed great delay in germination, exhibited
the highest number of abnormal secondary association .
T his number decreased gradually with the increase of
p H of the EMS S olution.
( 7 ) A bnormalform of tetrads
A bnormal tetrads were also found in the
plants treated with EMS . T he affected tetrads might
have incompletecell walls which might have led to
the aggregationof the daughternuclei. ( F ig . 2 8 ) .
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G reater numbers of abnormal tetrads were
found in the plants treated with alkaline EMS solution .
T hose plants grown from delay - germinatedgrains after
EMS - treatment also had greater numbers of abnormal
tetrads. E xceptfor the p H 2 . 7 - 3 ( non - buffered)
and p H 9 groups which showed the general trend of
increase in the number of abnormal tetrads with the
increase of the concentrationof EMS , the other groups
showed quite a random distributionof this type of
abnormality. O ne strange thing was that the neutral p H
group had the lowest number of this abnormality.
I t seemedthat this abnormalitymight be caused by p H s
to the either side of neutrality but inclined more
towards the alkaline side .
( 8 ) O ther meiotic abnormalities
I n addition to the abnormalitiesdescribed
above , other types of meiotic abnormalitieswere also
observedin the M 1 plants . T hese include:
a . cytoplasmicbridge between daughter cells
( F igs. 3 0 & 3 1 ) .
b . abnormalclumpingtogether of all
bivalents or chromosomesat certain
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meioticstage( F ig . 3 2 ) , and
c . unequal distributionof chromosomes
at anaphase( F igs . 3 3 3 4 ) .
H aving considered different types of meiotic
abnormalitiesinduced by EMS in the ml plants , we may
now proceed to look at the overall meiotic abnormalities
I n relationto the phis of the EMS solutions. T he
EMS solutions used in this study can be grouped into
3 groups, namely, acidic , neutraland alkaline. T he pre -
dominant meiotic abnormalitiescaused by EMS at acidic
p H s include multiploidsporocytes, vacuolar nucleoli ,
nucleolar chromosome detachment , dissynchronization
of meiotic division and abnormal secondary association .
T he predominantones affected by EMS at alkaline psis
include failure of chromosomepairing or movement ,
abnormal tetrads and other kinds of meiotic abnormalities.
T hose induced by EMS at neutral p H showed an intermediary
between the two and showed the greatest variation in the
different abnormal types with the exception that the
abnormal tetrads showed the lowest number in this group .
W hen we examined the abnormal types affected
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by EMS at alkalinep H s , it was found that they were
more or less related to the chromosomalbehaviour- -
movement, such as laggards , unequal distributionof
chromosomes, and aggregationof chromosomes. S uch
abnormal chromosomalbehaviour seemed to be enhanced by
increases of both alkalinity and concentrationf EMS .
A s for the meiotic abnormalitiesinduced by
EMS at low p H s , they might te truly be due to the sole
effect of EMS , particularlyfor the nonbuffered. group .
T hese abnormalitieswere largely not directly connected
with the chromosomalbehaviour .
A s mentionedearlier , graphs in F ig . 2 indicate
the relationship between the percentages of abnormal
PMC s and the concentrationsof EMS for each p H . F rom
this F igure , the followingfacts could be noted :
1 . F or each pll group , higher concentrationsof
EMS producedgreater numbers of abnormalPMC s .
2 . F or the acidic and neutralp H groupsat lower
concentrations( below 0 . 9 % ) and for alkaline
p H groups except p H 9 at all the concentrations,
the graphs are approximatelylinear with a
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direct proportionality between the dose and
response.
3. For the acidic and neutral pit groups at
concentrations above 0.9% there was an
abrupt increase in abnormal PACs. The pH
9 group was a special one, the abrupt inc-
rease in abnormal PINMCs started at 0.6%
instead of at 0.9%.
4. From the general trend of the graphs, it
seeds that they would converge at one point
or the maximum endurance point. At this
concentration, the EMS at all piIs would
produce similar effects.
5. Generally the effect of ELMS was greater
at lower piIs than at higher j)IIs and was
greatest when it was not buffered. However
at p11 9, EMS at higher concentrations
not only delayed seed germination but
also induced greater numbers of abnormal
PMCs. Although the plants grown from the
delay-germinated grains showed greatest 
response to EMS, some meiotic abnormalities 
were not as high as expected. These include 
vacuolar nucleoli, nucleolar chromosome 
dislodgement and failure of chromosme pairing 
or movement. •
2. Morphological abnormalities : 
(1) Abnormal spikelets
Some spikelets of the EMS-affected plants-were 
morphologically different from those of the control (Fig. 35). 
These include lanky spikelets (Fig. 36), twisted spikelets 
(Fig. 37) and open spikelets (Fig. 38). Since the anthers 
were aborted in such spikelets, they were sterile (Fig. 39). 
The percentages of such abnormal spikelets are given in 
lable II. Graphs of the percentages of abnormal spikelets 
versus the different concentrations of EMS at different 
pHs are drawn in Figure 3.
From the Figure, it can be seen that for acidic 
and neutral pHs, at lower concentrations of EMS (below 
0.9%  )the percentages of abnormal spikelets increase
regularly and slightly; at concentrations above 0.9%,
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there was an abrupt increase. F or p H ll , the increase
was proportionalto the concentration.
T he curves for the two acidic groups( the non -
bufferedand the p H 5 ones ) were quite close , particu -
larly at higher concentrations( 0 . 9 % and above ) . T he
p H 9 group overlappedall the acidic and neutral groups .
I t seemed that EMS solutionsat this p H were more efficient
in inducing abnormal spikelets .
C omparing the percentagesof abnormal PMC s with
those of abnormal spikelets at different concentrations
and p H s ( F igs . 2 & 3 ) , it showedthat thesetwo mighthave
some relationship.
2 . G rass clumps
I n such case the tillers were short and occurred
in thick clusters. W hen the spikes were cut open , the
spikeletswere found to be in suppressedtufts ( F ig . 4 0 ) .
T he frequency of this kind of morphologicalabnormality
was not high and did not occur in all p H groups. T hey
were observed mainly in plants grown from delay - germinated
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grains.
( 3 ) Y ellowflab , leaf
T his abnormality( F ig . 4 1 ) was also not found
in all p H groups and occurredmainly in plants
which showed a delay in seed germination.
( 4 ) G rain shape
T he grains harvestedfrom the M 1 plants , parti -
cularly from those which showed great delay in seed
germination, showed a change in the length to breadth
ratio ( L / B ) , from greaterthan 2 . 3 to less than 2 . 3
( F ig . 4 2 ) .
( 5 ) M aturityor days to heading
M ost treated plants showed a delay in days to
headingfrom 1 0 3 to 1 5 4 days ( the controlplants headed
in 9 6 - 1 0 0 days ) . A few treatedplants, however, showed
earlinessin heading, in about 8 6 - 8 9 days . T hese plants
were from treatmentof EMS at the concentrationof 0 . 6 % ,
p H 5 andat 0 . 6 % , p H 2 . 7 - 3 .
( 6 ) P lant height
M ost treated plants showed some reduction in





The grains harvested from the N1 plants were allowed
to dry and stored for 2-3 months. For each concentration
at each pH, the grains from the three independent populations
were mixed together, from which 100-150 were taken randomly
for germination. Some seedlings were found to be ihitish or
yellowish in color (Fig. 43). These were the plants showing
chlorophyll deficiency. The frequencies of such seedlings are
recorded in Table III and graphed in Fig. 4. From the Table
and Figure, it could be observed that:-
1. For acidic and neutral pHs: a/ at a given conc-
centration of EMS, there were more seedlings
showing chlorophyll deficiency as the pH of the
solution lowered and vice versa, b/ the dose-
response relationship is roughly a linear one.
2. For alkaline pHs: a/ no linear dose-response
relationship was observed the maximum number
of cidoropliyll deficient seedlings occurred
in the progeny of seeds which had boon treated
with 0.9% concentration of EMS than 1.2%.
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b / generallyspeaking, p H ll group gave more
seedlings showing chlorophyll deficiency than
the ply 9 group.
3 . T here is no correlationbetween the percentages
of M 2 seedlings showing chlorophyll deficiency
and percentagesof abnormal. PMC s or that of
abnormalspikelets( F igs . 2 & 3 ) of the M l
plants.
2 . R esistanceto low temperature:
I n one experiment, all the rice plants of the M 2
generation, which had grownto 1 0 - 1 5 cm long in the
green house , were put out to the open field . T he air
temperaturefell below 1 5 ° C . I t was found that most
plants , includingthe control , died . H owever , some
plants from the EMS treatment at concentrationsf
0 . 6 % , p H 5 ; 0 . 9 % , p H 7 ; 0 . 3 % and0 . 6 % , p H ll survived
and showed quite a prosperousgrowth . F urther tests
have to be . done on these plants to determinewhether
they are truly low - temperatureresistant ones .
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DI SCUSSION
1. 1,ethocis of treatment
The rice grains were soaked for 24 hours before treat-
moent, Soaking served. to make the rice grains in a highly
metabolic state. Selection of rice grains was made after
soakings only those grains that showed signs of germination
(swelling of grains and transparency of husk) were assumed
to be suitable and ,selected. The best time of rmmutagen treat-
ment was at the pregermina-tion por:iod. This occurred after
about 24 hours of soaking. Soaking also served to soften the
hu sk which is likely to hinder the penetration of the mutagen
greatly. But using dehusked seeds would make the matter worse
because dehusked seeds would be subjected to the attack of
fungi easily and normally the mutagen treated rice grains
took longer time to germinate.
Walles (1967) had suggested that the uptake of chemical
mutagen in hydrated seed. follows a simple diffusion law
as long as the concentration of mutagen in the solution
is greater than that in the cells of the embryo. So it
was assumed that by simple soaking the penetration of
EMS into the cells could be effected. But the water resistant
37
corky layer of the husk offers a great barrier to
penetration. In order to enhance the penetration,
carrier agent for the mutagen had been considered.
Bhatia (1967) and Nerker et al. (1970) suggested that
the chemical, DMSO (Dimethyl sulfoxide), could serve
as a carrier agent for EMS. However, Sarnia (1971)
had tried this chemical along with EMS and not much
improvement in mutagenic effect was obtained. His
another attempt, by using a physical technique (treatment
of EMS under reduced pressure) enhanced the mutagenicity
of EMS considerably. Thus in the present study, DMSO
was not employed, not only because it was found
ineffective but also that it might mask the effect of EMS
i.e. this chemical might perhaps be mutagenic itself.
A physical technique was employed. But by subjecting the
grains under vacuum throughout the whole treating period
(24 hours) would injure the grains. So the reduced
pressure treatment was lessened to 10 minutes. Results
were shown to be much encouraging.
After the grains had been treated and post-washed,
Mi.kaelsen (1967) found that the amount of ethanol
extractable mutagen was accumulated in the lipid
structures in the cells and then slowly diffused and
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reacted with the genetic material of the cells of the
seed enmbryo.
jfhen the grains wore dried back and allowed to
store for some time before germmination, the lipid-
stored EMS could have more time to react- vii. th the
genetic material, so a greater effect was ensured
( storage effect) S torage effect could also be
explained by another mechanism as mentioned in the
introduction, i. e., during the treatment period the
genetic material was sensitized only, the remaining
traces of mutagen then really acted during storage.
A cidity and concentration of EMS solution2.
The effects of this mutagen, EMS, as measured
by its meiotic abnormalities in tail plants and chlo-
rophyll deficiency in M 2 generation was shown to be
influenced by the p II of the mutagen solutions as shown
in Figs. 2- 4. T hese are in agreement with the results
obtained by other workers( Augustine, P alanicha: ny,
Siddiq, 1975). T his more effective nature of EMS under
acidic p H conditions is possibly due to its hydrolytic
products which are more acidic( Ramanna and Natarajan,
1965). H owever, if no buffer eras used, the p II of the
solution fluctuated over a wide range, 2.7- 3. M oreover,
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even the double distilled water used did not show a
consistent pH. So it is advisable to buffer the mutager
solution.
Though the buffer solution itself had little
effect on the grains, too alkaline a treatment
solution (over p1H 11) together with a highly
concentrated.mutagen (over 0.6%) would be highly
lethal to the grains-- making the seeds burst and
so no surviving plants were obtained.
The grains that showed a delay of germination by
more than 1 month showed the greatest percentages
of abnormalities in their p11 groups. This suggested
that they responded mostly to the mutagenicity of
EMS. Their delay in germination was probably due
to the action of the repair mechanism which
balanced against the aberrations induced by EMS.
When the repair was enough and aberrations were fully
tolerable, growth than started. However if the
repair could not be sufficiently made, no more
growth could be done. But what specific conditons
made these grains (at EMS treatments of 0.6% at pH 7
0.15%, 0.9% and 1.2% at p1H 9 and 0.9% at pH 11) and
not others respond so efficiently to the EMS? It was
quite unknown, since all of them were treated in the
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same conditions. But if one examined the pHs closely
it revealed that all such plants from delayed seed-
germinations lie in neutral and alkaline pHs. So we
may conclude that alkalinity lessens the toxicity of
the mutagen. But too alkaline a solution would make
the matter worse.. It seemed that at pH 9 the toxicity
was partly balanced, the mutagenicity was expressed
to maximum. As a result, most of the plants from
delay-germinated grains occurred in this group.
The greatest frequency of abnormal PMCs were
found to appear in the plants grown from seeds which
had been exposed to 1.2% aqueous solution of EMS: 15.5%.
No other concentrations, including those in which the
rice grains responded most efficiently to EMS (i.e.,
those showed exceptional delay in germination), gave
a higher frequency of abnormality than this. So it could
be concluded that, within the range of experimentation
and experimental errors, the maximum frequency of abnor-
mality that could be tolerated was about 15%. Destruction
to chromosomes greater than this would be lethal or would
lead to stunted or completely sterile plants (no PMCs
could be seen).
The most effective concentration for this mutagen
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could hardly be determined. Every concentration used
in the present study showed some degree of mutageni-
city. One has to take into consideration the duration
of treatment. For low concentration of mutagen with a
long time of treatment, the effect would be the same
for high concentration with a short time of treatment.
As far as the effects of pH are concerned, plIs seem
to render the mutagen more effective as shown by the
increased percentages of abnormalities. So in order to
widen the spectrum of mutation, it seems to be more
effective to use EMS of low concentrations and at sli-
ghtly alkaline pII, (pH 9 seems to be quite effective,
because most of the grains that showed great response
occurred in this pH group) and lengthen the duration
of treatment. But the effectiveness of EMS can be
increased when used in conjunction with other physical
or chemical means, as had been discussed earlier.
From a study of Fig. 2 on the dose-response rel-
ationship. at different pHs, it was clear that the mut-
agenicity of EMS rose approximately as the concentration
increased. The dose-response relationship was almost
a linear one for low concentrations at acidic and
neutral plis and was a linear one for all concentrations
at alkaline pHs. This showed that for these conditions
EMS behaved with a tendency towards the S I - type of
reaction in its action on the meiotic process of the
treated rice (Lawley, 1974) i.e. the mechanism of direct
miscoding of the ethylated bases of the DMA was predominant.
For those parts of the graph where the curves curved”upward
(at acidic pHs and at higher concentrations of EMS, higher
than 0.9%) EMS must have behaved with a tendency towards
the SN 2 — type. This is consistent with the work by Hince
and Neale (1977) who showed the SN ] — type of reaction ofN
EMS in E_. coli at low concentrations.
3. Meiotic abnormal ities
(1) Multiploid sporocytes
Smith (1942) had reported a case of spontan­
eously occurred "multiploid sporocytes" (symbol mu) 
in a six rowed barley variety, in which the cell walls 
were absent and syncytial masses of cytoplasm were 
formed which included all or part of the content of 
a single anther locule, as a result the PMCs showed 
. 14, 21, 28, 35, 42 and higher numbers of pairs of
chromosomes. Pantulu and Manga (1971) reported that 
they had induced the pearl millet with EMS to produce 
such "multiploid sporocytes". Sato and Gaul (1967)
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had also suggested that EMS exhibited a colchicine-like
effect in barley in raising the chromosome number. Similar
findings also appeared in the present study with rice. Figs.
5- 8 showed clearly 2 or 3 sets of diploid chromosomes pre-
sent in a syncytial mass of cytoplasm. Two suggestions had
been put forward to explain this: Miller (1963) suggested
that such phenomenon in the asynaptic maize was due to pre-
meiotic fusion of the PMCs while Pantulu and Manga (1971)
suggested that in pearl millet it was due to the suppression
of cytokinesis by EMS at premeiotic divisions. The second
suggestion seemed to be more appropriate for our findings.
(2) Vacuolar nucleolus
The consistency of nucleoli was affected by EMS
making them be vacuolated, though the frequency was rather
low, not greater than 0.15% and was almost restricted to the
acidic and neutral pHs. These vacuolar nucleoli were mainly
observed at pachytene. Later than this stage vacuolar nucleoli
were only rarely observed. This might be due to the repair
mechanism of the PMCs enabling the vacuolated nucleoli to
grow back to normal. Interestingly enough, nucleolar vacuol-
ation as well as nucleolar chromosome detachment were both
seen to occur at highest frequencies after EMS treatments
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were administered at the acidic or neutral plr. This would
seem to suggest a causal mechanism common to these two sorts
of events. This is supported by the concurrent occurrence of
such events in some PMCs as illustrated in Fig. ll. It would
seem plausible that the abnormal nucleoli in some unkonown
manner promoted the detachment of the nucloolar chromosomes.
The origin of the vacuoles within the nucleoli may be ascribed
to some EMS induced lesions on the nucleolar chromosomes.
However, in the absence of more direct experimental data,
these explanations are not much more than tentative specula-
tions only.
(3) Failure of chromosome pairing or movement
In EMS-affected PMCs, very often there were a few
univalents at anaphase I. They did not move to the equat-
orial plate (Figs. 15-18) and were probably lost at later
stages (Fig. 19). This abnormality was greatest at alkaline
pH (at 1.2% EMS, pH ll). Also at these pHs the frequency
of such events was seen to show a steady increase as the
concentration of EMS increased. This phenomenon would
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surely lead to the formation of sterile pollens.
(4). Dissynchronization of meiotic divisions
Normally all the PMCs within an anther locule
are more or less synchronized at the same stage of
meiotic division. In the EMS-affected rice plants,
the PMCs in a single anther locule were seen to be
at different stages of division. The most frequent
form of di ssynchroni zation appeared to be the dyads
co-exiating with the tetrads. Obviously the ones show-
ing delay in division were the affected ones. The
higher frequency for the dyads to exist with the
tetrads might be that meiosis did start for all the
PMCs at the some time, but for the affected ones, due
to one abnormality or the other, the first division
took longer time to complete. Or that even the first
meiotic division had completed, the resulting dyads
were abnormal ones (e. g. having uneven chromosome
numbers), and could not go on to have the second
meiotic division. So the dyads were arrested there.
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This abnormality was the highest among all
the abnormalities and the highest number occurred
in the pH 7 group at 1.2% EMS. It was probable that
this was the result of some other abnormalities
such as vacuolar nucleoli, mucleolar chromosome
dislodgement, failure of chromosome pairing or
movement and so on. Since the pHi 7 group is the
intermediary between the acidic and alkaline pH groups
and showed quite a varied pattern of abnormalities,
it is quite natural for it to have the greatest number-
of dissynchronized PMCs.
(5). Abnormal secondary association
Hu (1962) had made intensive observations on
the phenomenon of secondary associations in rice species
and pointed out that the maximum secondary association
was 2(3)+ 3(2) i.e. 5 groups of bivalents or chromosomes
in the prometaphase or metaphase. This was also one of
the reasons that led some rice genetists to argue that the
basic chromosome number of rice was S. In the EMS-
affected rice studied, the secondary association was even
greater in the degree of assoc-i_a.ition. They occurred in
3 or 4 groups. This phenomenon was suggested to he due
to a cryptic homology between chromosomes' (Darlington, 1937).
However, flu (196-2) was in favour of the view that it was
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due to the- occurrence of many duplicate genes.
W ould this enhancement of secondary association
in EMS- affected rice be due to the increase in
such duplicate genes? B ut one fact is true: EMS
inclined to exhibited the SN 1- type of reaction
as pointed out previously. S ince SN 2- type
reagents tend to induce phosphotriester formation
in the DNA of the chromosome resulting in the loss
of negative charges( L awley, 1 9 7 4), perhaps this
lessening of negative charges made the chromosomes
come to lie more closely to each other. W hen we
examine the figure on dose- response relationship
of EMS again( F ig. 2), it was shown that for acidic
and neutral p H s, at the concentrations other than
1. 2%, the graphs prone to follow roughly a straight
line. I f we examine the numbers of abnormal. secondary
association( T able I) for the acidic and neutral p H s,
it is true that the maximum number is not at 1. 2%
but at 0. 6% for p' 1 7 group and at 0. 9% for pll 5 group
( for this group, the number at 0. 3% is the same as that
for 1. 2%!), as for the p 1 1 2. 7-- 3 group, the numbers
for the low concentrations of EMS are very high also
( over 4 0)! S o the suggestion could be quite reasonable.
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Similar findings of abnormal association among
chromosomes were found by Sato and Gaul (1967) in EMS-
treated barley (which does not show secondary association
so clearly as rice). They did not refer them as secondary
association but as double pseudoisocliromosomes (2 pseudo-
isochromosomes) and quadrivalents.
(6) Abnormal form of tetrads and other meiotic abnormalities
The cell wall in the affected tetrads was incomplete
and the 2 nuclei were lumped together. Similar findings
of lumped and "melting" chromosomes were also reported
by Sato and Gaul (1967) in the EMS-treated barley. It
might be that the SN l reaction of EMS removed so much
negative charges from the DNA of the chromosomes that
they all aggregated (lumped) together. But why this
would occur at the end of meiotic division, it was quite
unknown. As for the incomplete cell wall, it alight be
due to the possible effect of EMS on the cytoplasm
leading to the suppression of cytokinesis (Pantulu
and Manga, 1971). Similar effect also led to the cytoplasmic
bridge between daughter cells at the end of first or
second meiotic division when the suppression was incomplete.
40
A s for the clumping together of all bivalents or chromsosmes,
this might be due to:- 1, the EMS induced the premeiotic
fusion of PMC s(Miller, 1963), so that the 2 chromosome sets
were not synchronized in division, as a result one set started
the division to prormetaphaso while the other set waa at inter-
phase 2. two dyad cells, due to the suppression of cytokinesis,
did not separate, one of the dyad cells was abnormal so that the
chromosomes clumped together, the other was normal and' so vent
on to have the second meiotic division.
C orrelation between the frequencies of abnormal PMC s and abnormal
spikel ets
W hen F igures 2 and 3 are examined, it is clear that the
frequencies of abnormal PMC s and abnormal spikelets are quite
close. T he coefficient of correlation, r, was calculated for

























6 0 5 . 8 9 5
6 1 1 . 3 5
0 . 9 8 1
T his r of 0 . 9 8 1 . is a high value. T he significanceof
it can be further tested by the distributionquantity ,
S tudent' s t
A t N - 2 = 3 2 degreesof freedom, this value of t is
far greaterthan the 0 . 0 5 ( 5 % ) probabilitylevel in the
T able of D istributionf t values ( see introduction) , or
even the 0 . 0 1 level . S o the value of r can be consideredto
be very highly significant. T he percentagesof abnormalPMC s
were very closely related to those of abnormal spikelets .
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5. Grain shape, maturity and plant height
The length to breadth ratio (L/B) of the grains has been
used by Matsuo (1952) as a diagnostic feature between rice sub-
species indica (ratio>2.3) and japonica (ratio<2.3). Grain
shape of some EMS-treated plants was shown to be changed from
indica type to japonica type. This is quite interesting. Although
the variety IR8 used is high in yield, it is not very acceptable
to people in India and Ceylon (Siddiq and Swaminathan, 1968) due
to its grain shape. So changing this grain character would make
it more acceptable. Moreover, this change of grain shape is of
phylogenetic interest. However, further tests are needed to
determined whether this is a truly inheritable change.
Besides a change of grain shape, some EMS-treated plants
also matured earlier than the control by one to two weeks and
reduced in plant height. If further tests could show that these
are inheritable characters, agronomic benefits could then be
obtained.
6. Chlorophyll deficiency
Plants showing chlorophyll deficiency were observed in
the M2 but not in the M1 generation. This shows that EMS acted
on and induced heritable changes in the rice genetic material.
However, more critical tests should be conducted before a
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definite conclusioncould be reached . I n this study , the
frequencies of plants showing chlorophyll deficiency were
generally considerably higher than the percentages of abnormal
PMC s as shown in F igures 2 and 4 respectively. T here was very
little relationshipbetween the abnormalPMC s in M and chlo -
rophyll deficiencyin M 2 . S o this mutationmust be due to
factors other than the chromosomalabnormalitiesin the PMC s .
I t had been suggested that chlorophylldeficiency might be
due to some small invisible chromosomaldeficiencies( L ove -
less , 1 9 6 6 ) . B ut M ikaelsen( 1 9 6 7 ) . who had examinedthe chlo-
rophyll deficiency or mutation deeply in barley , suggested
that it was due to true point mutation. H ere the chlorophyll
deficiencywas also expected to be due to the scone mechanism
i . e . , due to . true point mutation, becauseonly in this way
that it could be passed on to the next generation.
A s for the sensitivityof rice towards EMS , greater
understandingis still needed . H owever this study has revealed
the possibility of inducing genetic changes in rice affecting
agronomicallydesirable traits by the use of EMS .
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CONCLUSION AND SUrhM ARY
The present study deals with the effects of different
concentrations of EMS (0.15% to 1.2°%) at different pHs (2.7-3
to 12) on rice. By simple soaking of the rice grains together
with a physical technique of treatment under reduced pressure
and storage after treatment, a whole array of rneiotic abnorm-
alities were observed: multiploid sporocytes, vacuolar nucleoli,
nucleolar chromosome detachment, failure of chromosome pairing
or movement, di ssynchroni nation of meiotic division, abnormal
secondary association, abnormal tetrads and other types of
meiotic abnormalities, in the PAdCs of M1 population. Morpholog-
ical abnormalities such as abnormal spikelets and change of
grain shape were also observed. In the M2 generation, chloro-
phyll deficiency was observed. As a result, the following con-
clusions can be drawn:-
1. EMS could affect the meiotic process of rice at all concen-
trations and pHs as observed. by the abnormalities recorded.
In this respect,. its action was more efficient at lower plis
and higher concentrations.
2. Certain concentrations of EMS coupled with alkaline pII,
particularly p11 9, greatly delayed the germination of the
treated seeds. Plants grown from such grains had exception-
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ally high percentages of abnormalities.
3. As for the effect of EMS on the meiotic process, the mode
of action was predominantly like the chemical mutagens
having the SNl-type of reaction (Lawley, 1974) for low
concentrations (below 0.9%) at acidic and neutral pHs,
and for all the concentrations at alkaline pHs.
4. Treatment of seeds with EMS was also seen to have induced
some cytoplasmic abnormalities of the PACs as exemplified
by the multiploid sporocytes and cytoplasmic bridges between
the cells.
5. Treatments with EMS under high phl conditions enhanced the
frequency of meiotic abnormalities which appeared to be
more directly concerned with chromosomal behaviour such
as chromosome movement.
6. A very high degree of correlation was observed between "the
percentages of meiotic abnormalities and percentages of
abnormal spikelets".
7. EMS treatment was also observed to induce desirable pheno-
typic changes affecting agronomic characters which included
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Table I. Meiotic abnormalities in M1 rice plants induced by and at different concentrations and pHs
Total no,
No. ofConc. % ofof Nucleolar Failure of Dissynchron- AbnormalpHBuffer Other% abnormal abnormal Multiploid VacuolarPNCs chromosome chromosome ization of secondary Abnormal meioticPMCs PMCs sporocytes nucleoliexamined pairing or meioticdetach- associat- tetrads abnormal--
ment movement division ion ities0.0 7.5 1,000 11 1.10 0 0 2 00.15 2.7-3 61,600Not 0136 3 08.50 8 0 16 280.3 2.7-3 281,600 42 2149 129.31 14buffered 147 220.6 2.7-3 1,600 36 40140 6 108.69 0 12 200.9 192.7-3 1,900 32 47204 10.75 3 732 11 17 261.2 2.7-3 461,900 44294 15.51 9 1938 10 36 7934 58 14 250.0 5 1,000 13 1.30 0 0 0 20.15 5 1,500 7 4Phosphate 119 0 07.93 7 2 4 210.3 265 1,500 48135 3 89.00 10 0buffer 60.6 19 411,5005 136 50 5 49.07 17 1 7 180.9 295 1,500 140 38 2 149.33 21 0 5 101.2 1,5005 39234 52 614.90 79 4 19 34 87 50 2290.0 7 1,000 15 1.50 000.15 3 07 1,500Phosphate 5111 7 07.40 3 0110.3 1657 1,500 30113 400 00.6 87.50 13buffer 10 24 247 1,500 29198 13.20 1 7 4290.9 16 217 1,500 42125 8.33 612 12 14161.2 87 4671,500 211 3414.10 0018 720 17 96 45 1 220.0 9 1,000 9 0.90 0*0.15 0 0 0 29 1,500 0135 3 49.00 13Phosphate 0 40.3 141,5009 38100 15346.67 1729 60.6 199 1,500buffer 32 21115 6 117.67 10*0.9 0 4 189 1,500 34 20165 1411.10 15*1.2 7 0 0 189 1,500 64217 16 2814.40 12 320 4 24 79 13 49360.0 11 1,000 11 1.10 0Trizma- 0 00.15 11 21,500 384 5.60 0 0 20 40.3 011 181,500 28salt 93 6.20 80 2100.6 2 911 141,500 102 316.81 100 25buffer 0 11*0.9 311 171,500 31166 11.10 16 287 0 01.2 26 711 1,500 131 588.73 270 290 197 39 40 12 260.0 712Trizma- 1,000 11 1.10 0 00.15 012 21,500 681 0 05.29salt 0 0 30.3 012 211,500 2486 85.74 9 193 00.6 412 16buffer 1,500 20106 177.01 8 213 0 012 18 271.2 22 41.2 3212
* Germination was delayed by more than 1 month.+ No plants survived.
NO. of abnormal PMCs
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Table II. Percentages of abnormal spikelets in Ml plants induced by different
concentration of EMS at different pHs
Total no. No. of different types Total % ofConc.
Buffer of spikeletspH of abnormal no. of abnormal
examined spikelets abnormal spikelets
spikelets
0.0 1,0007.5-8 10 10 16 36 3.60.15Not 2.7-3 1,000 42 4834 124 12.4
2.7-30.3 1,000 26 6838 132 13.2buffered 0.6 2.7-3 1,000 6632 36 134 13.4
0.9 2.7-3 1,000 1632 100 148 14.8
1.2 2.7-3 1, 000 30 30 132 192 19.2
0.0 1, 0005 13 8 14 35 3.5
1,0005 36 4234 113 11.3Phosphate 0.3 1,000 445 39 42 125 12.5
buffer 0.6 1,000 185 49 63 130 13.0
0.9 1,0005 48 6834 150 15.0
1.2 1,000 465 37 18299 18.2
0.0 1, 000 147 157 36 3.60.15 1, 000 477 24 10938 10.9Phosphate 0.3 1,0007 4832 36 116 11.6
*0.6buffer 1,0007 30 39 16596 16.50.9 1,000 297 22 81 132 13.21.2 1,0007 47 10131 179 17.9
0.0 1,0009 2 13 24 39 3.9*0.15 1,0009 2076 13034 13.0Phosphate 0.3 1,000 209 24 10359 10.3buffer 0.6 1,0009 4637 30 113 11.3
0 9 1,0009 36 54 16o70 16.0«1.2 1,000 289 46 112 186 18.6
0.0 11 1,000 4 268Trizma- 38 3.80.15 11 1,000 12 47 34 93 9.3sal t 0.3 11 1, 000 40 24 10036 10.00.6 11 1,000 36 4034 110 11.0buffer
*009 11 1,000 40 28 86 153 15.31.2 11 1,000 25 32 13073 13.0
0.0 12 1,000 267 4Trizma- 3? 3.?0.15 12 1, 000 28 35 30 91 9.10.3salt 12 1,000 26 24 log59 10.90.6 12 1,000 21 20 64 105buffer 10.50 .9 12
+1.2 12
Gerintion was delayed by more than I month
No plants survived
Table III. Percentages of M2 seedlings showing chlorophyll deficiency
induced by different concentrations of EMS at different pHs.


































sal t 13.5812 590.6
buffer 12+0 9
+1.2 12
* Germination was delayed by more than 1 month
No plants survived
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Table IV. Calculation of correlation between the percentage of
abnormal PMCs and percentage of abnormal spikelets.
of abnormal
Conc.No. pH XYY2X2spikeletsabnormal PMCs
12.961.21 3.961.10 3.60.0 7.5-81 105.40153.7612.4 72.258.502.7-30.152
124.75174.2486.6813.22.7-3 9.310.33 116.45179.5613.4 75.528.692.7-30.6
219.04 159.10115.5614.810.752.7-30.95 297.79240.5619.2 368.6415.512.7-31.26
4.5512.251.693.51.300.0 57 89.61127.6962.8811.37.930.15 58
112.50156.2581.0012.59.0003 59 117.91169.0082.2613.09.070.6 510
139.95225.0087.0515.09.330.9 511 271.18222.0118.2 331.2414.901.212 5
2.25 12.96 5.401.50 3.60.0 713
116.64 79.9210.8 54.767.400.15 714
87.00134.5611.6 56.257.500.3 715 217.80272.25174.2316.513.200.616 7
109.96174.2469.3913.28.330.917 7
252.39198.8117.9 320.4114.101.218 7
15.210.81 3.510.90 3.90.0 919
117.00169.0081.oo13.020 0.15 9.009
86.6744.49 106.0910.36.6721 0.3 9
86.67127.6911.3 58.830.6 7.6722 9
256.00 177.60123.2116.o11.1023 0.9 9







4.0713.691.211.10 3.7120.031 48.1427.98 82.819.112 5.290.132 62.57118.8110.9 32.95120.3 5.7435
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1Figs. 5- 8: Multiploid sporocytes (PMCs)
Fig. 5. A normal sporocyte (right) and a multiploid one (left),
both at pachytene. The latter contains 2 diploid sets
of chromosomes and nucleoli (taken from EMS treatment
of 0.9%, pH 2.7-3). X 900
Fig. 6. A tetraploid sporocyte at pachytene with 2 diploid sets
of chromosomes separated from each other and close to
their respective nucleoli (taken from EMS treatment of
0.9%, pH 5). X 900.
Fig. 7. A tetraploid sporocyte at diakinesis (taken from EMS
treatment of 0.9%, pH 5). X 900
Fig. 8. An hexaploid sporocyte at diplotene stage (taken from EMS




2F igs . 9 - 1 1 V acuolarnucleolus
F ig . 9 . P resenceof 4 vacuolesin the nucleolusin a PMC
at pachytene( taken from EMS treatmentof 0 . 6 % ,
p H 2 . 7 - 3 ) , X 9 0 0
F ig . 1 0 . P resenceof 3 large vacuolesin the nucleolusin
a PMC at pachytene( taken from EMS treatmentof
1 . 2 % , p H 2 . 7 - 3 ) , , X 9 0 0
F ig . 1 1 . V acuole( s ) in the nucleolusbecomingsmallerat
di akinesis ( takenfrom EMS treatmentof 1 . 2 % , p H 5 ) .
X 1 , 1 0 0
29 10
11
3Figs. 12- 14: Nucleolar chromosome detachment
Fig. 12. A normal PMC at diakinesis with 2 bivalents attached
to the nucleolus (taken from the control), x 1,000
Fig. 13. An EMS-affected PMC at diakinesis with detached
nucleolar bivalents. Note the vacuole in the nucleolus
(taken from EMS treatment of 1.2%, pH 5). X 1,000
Figs. 14a& 14b. EMS-affected PMCs at diakinesis with nucleolar
chromosomes detached (taken from EMS treatment of 1.2%,




4Figs. 15-19: Failure of chromosome pairing or movement
Figs. 15&16. EMS-treated PMCs at metaphase I, with the univalent
(arrow) out of the equatorial plate (taken from treatment
of 1.2%, pH 11). X 800
Fig. 17. An EMS-affected PMC at metaphase II with one chromosome
(arrow) out of the equatorial plate (taken from treatment
of 1.2%, pH 5). X 600
Fig. 18. An EMS-affected PMC at metaphase I with the univalent (arrow)
lagged behind (taken from treatment of 0.6%, pH 7). X 800
Fig. 19. An EMS-affected PMC at anaphase I with one laggard (arrow)






5Figs. 20- 22: Dissynchronization. of meiotic division
Fig. 20. Dyad occurrod together with totrad in an anther (taken
from EMS treatment of 1.2% pH 7), X 500
Fig. 21. One PMC at dyad stage and another at metaphase I
in an anther (taken from EMS treatment of 1.2%, pH 9).
X 700
Fig. 22. Several dyad cells in one anther, the one at the upper
left corner does not proceed to the second meiotic
division while the others at metaphase II (taken from




6Figs. 23-- 27: Abnormal secondary association
Fig. 23, An EMS-affected PMC at metaphase I with bivalents
associated into 3 groups 1(4)+ 1(3)+ 1(5)
(taken from EMS treatment of 0.15%, pH 9). X 1, 000
Figs. 24- 25. PIMMCs at metaphase I with 12 bivalents associated
into 3 groups: 1(3)+ 1(5)+ 1(4) (taken from EMS
treatment of 0.9%, pH 11), X 1,000
Fig. 26. A PMC at metaphase I with 12 bivalents associated
into 4 groups: 1(2)+ 1(3)+ 1(4)+ 1(3) (taken
from EMS treatment of 0.9%, pH 11). X 1,000
Fig. 27. PMC at metaphase I with the 12 bivalents associated
into 4 groups: 1(2)+ 1(4)+ 1(3)+ 1(3) (taken from
treatment of EMS 1.2%, pH 7). X 800
Fig. 28. Abnormal tetrads:
An EMS--affected tetrad with 2 nuclei lumped
together in one cell (left) as a, result of
incomplete cell-wall formation (taken from





7Figs. 29- 34: Other meiotic abnormalities
Fig. 29. Two dyad cells taken from the control. X 600
Fig. 30. Cytoplasmic bridge between the two daughter cells
after the first meiotic division as a result of EMS
treatment (taken from treatment of 1.2%, pH 2.7-3).
X 600
Fig. 31. Cytoplasmic bridge between the two cells which were
in prometaphase II as a result of EMS treatment
(0.9%, pH 5). X 600
Fig. 32.A tetraploid PMC with one diploid set of chromosomes
at prometaphase I and another diploid set of chromosomes
clumped together (taken:from EMS treatment of 0.6%,
pH 7). X 800
Fig. 33. An EMS-affected PMC at anaphase I showing 13: 11
distribution of chromosomes (taken from EMS treatment
of 1.2%, pH 5), X 600
Fig. 34. An EMS-affected cell with unequal number of chromosomes
at the two sides at anaphase-telophase II (taken from







8Figs. 35- 42 : morphologica1 abnormalities (M1 plants)
Fig. 35. A portion of a spike of the control. X 1
Fig. 36. A portion of a spike of an MES-affected rice plant
showing Lanky pikelets (taken from EMS treatment of
1.2%, pH 9)• X 1
Fig. 37. A portion of a spike of an EMS-affected rice plant showing
twisted spikelets (arrows) (taken from EMS treatment
of 0.9%, pII 9). x i
Fig. 38. A portion of a spike of an EMS-affected rice plant
showing open spikelets, (arrows) (taken from EMS treatment
of 1.2%a, pH 9). X 1
Fig. 39. An abnormal spikelet which is empty (left) from an EMS-
affected rice plant and normal one (right), X 2
Pig. 40. A portion of an NS-affected plant shoring grass clump








9Fig. 41. A Portion of an 1 EMS--affected plant gzaowing yellow flag
leaf (taken from 1.2% of EMS treatment,pH 9). X 1
Fig. 42. Rice grains harvested from M1 plants. The left group
of grains have L/B ratio smaller than 2.3. The right group
of grains are from the control and have the L/B ratio
greater than 2.3. X 3
Fig, 43, Rice seedlings of the M2 generation. The left group of
seedlings are whitish to yellowish in color and show
chlorophyll deficiency. The right group is from the control.
x1
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